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I' « 

^0030055866 %^ <^7^: 2003/10/6 

^ *>M-^ f^^o^i^JE-Ccentral office. hub)4 4n^7ll^ ^1 ^ i^:^(remote node)!- 

m ^1- ^fl^<=>fl cfl^tl: Ji-f^^^ ^^J:^ ^i^^^^ 

Z]- ^^5r>Jl ^^71]^ ^l^i^^S:?-E^ 42 Hi- 51] Z]- ^fl^cHl iX}.^J-o] 

^^^iq. ;^-1-f>{d^^ ^^sl- ^1-71 ^Vu}o] ^^S.^ A-ls. C]-^ «oH1=-^S.^Bl 

^l-H-^ ^fl^°fl tfl-g-*}: ^-f^^^ ^Aijifi]. Ai^o^ ^Ai^^ ^j-71 ^ 

AH^l- ^sfl rf^ «j-%l=o.^-f-E-1 ^12 Hf- 5fl^5] 0:12=1 §>u}-o^ ^B^oi] cH-g-^V 

eve. «j-*j:O.S ^Oj-i-^^ :?i^^4. 

£ 3 

4^^^ cf#«o^^, ^l«ii^ 
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1020030055866 #^ ^;=^>: 2003/10/6 

'S^'??-^ t]-^^^^ o^^/B.^ ^>7l^l-^ ^^^J-{Bidirectional wavelength 

division multiplexed add/drop self-healing hubbed ring network} 

S. 1^ ^ti.^ ^>7l^l-R- ^^^^^ ^^^^ q-Ef^ 

£ 2^ :£ 1^ 7]-7]^]-^ ^^^oHl ^><^fl7> ^-f* ^^t!: 

:£ 3^ ^ ^^^oil 4^ o}:wj.^i: 5}.;^v«-^ cf^^j-^ <^11^/-^1- :^l-7l^l-^ ^ti^ ^^^j-^ 

£ 4^ £ 3^ cf^l}-^ <^l]^/:^l- ;^>7l^l-a- 
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ia20030055866 



^ 'U^}: 2003/10/6 



^ cff^«o^^ (wavelength division multiplexing) ^^^'iHl ^^Jo] 

^^1 4^1-^^^ "^-fl-^/^l-Cadd/clrop) ^^.^ ^^^oHhubbed ring network)<^l ^tl: 

^ 7pJ;^>^^ cfl:£^l/7>^;^]-'?}-(metro/access network)*^] cfltb ^^<5l 

ic^^q- 7pJ^>^># <^^*>7l ^sll 7>^;^> ^^^1^ -a^l^l^ ;=^l^ic:^(remote node)^ 

= (add)^>^ 71^-i- 71-^0]: 

<4 ^o], ^ti.^ ^1-71^1-^ 27>^S] ^^-^(2,4)5. <a^^ ^«y-ii^(10)fil- ^l^i^^ 

(20.30)-l- 27}^o] o.^ ^>a-B-(working f iber)(4)ol ji cl-^ 

M-^ iJl-g- ^^y-B- (protect ion f iber)(2)olnf . #oj. i^c(io)^ ^^Jl* ^^^^}7] t\ 

f^^7l(ll), cf^S)-^ ^^^1-71 ^t!- ^#7l(EDFA: Erbium-Doped Fiber 
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1020030055866 ^^ '^7\: 2003/10/6 

Amplifier)(12) ^ %^^M2,4)^ ^^^l^l^l ^tb ?11-sKl3)l- i^tl-i=f. 

S i^^(lO)^ ^^^-B-(2,4)S.^EiSl ^^Sl- ^i:f^^*>7l ^tt ^^^^7]iU) ^ 27> 

^ ^^^-H-(2,4)^-¥-B]o^ ^^S.^ 0]:=^ ^l-uj-l- ><d^^>7l ^tb ^^^^1(15)1- i^tl-cf. 
ic^(20,30)^ 271-e]- :%^^-^(2,4)'^] ^^^1^^ ^«oH^ <^11 = /^1- 4^5|-7l-i-(41.42) ^ 2 

71-^ ^^^-e-(2,4)S^EiSl ^^S.^ cHii ^VM-l- ^^sr>7l ^^^^1(43)1:* i^tb^. 

tb ^^Jll- ^l^i^^(20,30)^ 27>^ %^^M2Am ^«fl 1:^-$-^ S. 

^ ^""^^^ '=>^^/^^ cf#5l-7l (41,42)5. ^, ^1(43)1- B.^^ ^ ^S. 

^^^^] ^^W. ^m7}^]S. ^l^i^^(20,30)^ 27>^ ^^^-^-(2,4)011 ^ 

^tlr -S-Ml^-. ^<^J-ii^(10)^ ^^^^1(15)1- 27flS] ^ ^Vu)-!- 

^ ^>7l^1^ ^^^^^ fiber cut) 2)- ;^oi]7> ^^A§^>ia, ^<^1 

£ 2011 SA]^ a]-^ ^o], 7.}7]pq-^ ^^^oHl^i ^11 ^l^ic:^(RNl)(20)^ ^12 

^iL^(RN2)(30) ^}o]d\] ^>a-R-7> 7>^3^>^, ;^12 ^1 ^ii^(RN2)(30)^ -^^-g- 

^^-B-(4)» ^^]^] iJ-^o.^ ^^^^ ^12 ^fl^CXg)^ ^ :a.J:-g- 

-H-(2)l- AjTjl WoHMl^i ^^SlcH 2»i ^11^(\2)^ ^<Js:l-7ll ^t:f. ;Hll 

(RN1)(20)^ -f-^l-g- o-(4)^ bV^]^] «j.^to.^ i«i ^)l^(Ai)l- ofl^^H -^.^ ^ ^ 
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1020030055866 %^ <U^}: 2003/10/6 



^^a^^ Jl^^^o] 'iol^c^. ^LSlJl, #Hl)5l 81^.^ ;^l-7l^l^ ^^"<}-^ 271- 

oflc/c^^V ^ 01^ ofl^/c^ Cf^2)-7ll- ^til^o> til^o] ^7|-^>711 

'4e}^i ^ ^^^^ ^oMtl: ^efl 7]^^ ^^1^^ ^M^f^ . f^^^-ic^sq- ^j^i^ 

71- 7}^% Cf^^o^^ "^ll^/^l- ;^>7l^l^ ^ti.^ ^^^j-^ ^l^f-<Hl $1^1-. 



^^^tl- ^^l-* ^^^^V7l ^ ^^^^ *V4^ ^%>i^^(central office, hub)^!- 4 

^7llSl ^l^ii:B( remote node)* *>M-Sl ^^S.<^1 ^^^^ 

«:^"oHlA-l, >a-7l ^<?}-v^^^ ;Hll HM- ^ll^oi] cfl-g-^ 5^;g-o) 
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1020030055866 #^ 2003/10/6 

^ 'fl-i-tb ^i^-Jd^^ 7.]^^^^ ^^^1- 

2] ^7] m ^f- ^11^^ <=>]^ ^m^^] tfl-g-^ 4^^^ ^-f^^^ ^'a:^^!- ^^^-'Jd^ 

<Hi=. s:>M-o^ ^fl^oll cH-g.*]. 2l.;3-o^ jl0.^^o^ ^^Jl^il- ^i-f-tl^^ 

i^oflAi ^ ^^Sl ^^]^ ^^-fi.*>7fl ^1 ^ 7]^ ^ cfl^H^ ^Mlt!" 

^^^^■Jl. ^m7\^]S. ^ 711^ s}-:^^ -i^'Ms^l-t:!-. zieiuf oflc^j. 

^ 5}-^j-32l- ^I-Sf^ 4^V^ -a-^l^l-Cl-. 4^1 '^^^rflA^ l^^Sl-711- 7l^O.^ '>^^^^^O^S. 

^M- Al-g-^H ^^Ol 71-^ Ol^l- <^d=«J-^ <^ll-^/:^l- Cl-^Sl-711- A>-g-^>i^ Al^^Eflo^ 

^voi]7]. ^va.^^ ^-f , 4 ^l^ii-E. °V^- ^VM-^ 2x2 %^^^]^ A>-g-^H -^--Jd ^^7> 
Ai^^S. ^-=1^^^ ^ 9X^. rrl-sl-^i ^lovsi ^l^. ^ ^^^J-^ ^^j-R-^ JL^^j^ 
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1020030055866 ^^ 'U^}: 2003/10/6 

:£ 3^ ^ ^^'^•^i 4€- 'a=«oHi= ^""^^^ cf^«o>^ ^fl^/^1- ^>7i^i^ ^^^^^ 
^^^£1- M-E^-iflji, £ 4fe i 32] <y:«j-%i= 4^^-^%^ cff'^o^^ -^fl^/^i- ^}7]^^ 

^ <^cf«oH1= <=>1]^/^1- :^]-7l^l-B- ^w.^ «r^^o^^ 

<22> ^ ^x^^ ^o^x^^si^ 7]^b:.E.o\]/^^ o^^^}^ ^^^^ %^±S] 2)-^^ 

^512] sj-^Vo] -^o^^l-Jl, n>^7l-^lS o^^^^^^S. ^^^}^ ^ 7B^ ^^^^^Vl^f. 

<23> c 3^ %v^^>'S, a. i^vt^oi] 4^ ojuj-^j: c1-#«J-<^ <^fl-^/ = f- 7\7]^]^ ^^.^ 

^^^J-^ ^>M-^ #«^o^ii^( 100)^21- 4^7112] ^l^i^:E.(210.220,230)» i^^Vcf. £ 3^]^^^ 
<^]^]^o.s. 37115] ^l^i^s.n>^ SAl^V^cf. ^oj.x^c(ioo)fe 4 ^fl^oil cfltfl ^Ai^^7> 

^^^5^171^ ^^(101,103,105)4 -^^^^7> ^-y^l- ^^^5^17]^ 

(102,104,106), ^^5.(40)2] <^j=«oH^^S. ^^^1- ^-tl^^* ^11 5^ ^12 

i=f#S)-7l (121, 122)5. -i^sr}^ ^^^^1(111.112,113), -?->a^^7l- ^>tl:£ ^ 

^^7V ^^^» ^zl- cf^sl-srf^ ;*lll nl-^5|-7l(l21) ^ ;*112 ^1-^21-71 (122) , nff-^ 
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1020030055866 ^^ '^t.}: 2003/10/6 

71(121) ^ m ^^^7]il22)S.^B\Q\ cff^s^-^ AA ^^^\7\ ^% ^^^7\ 

(131.132)1- i^t}-i=f. ^^#^7} ^^7l(EDFA: Erbium-Doped Fiber 

Amplifier)^! ^^l w>^^srl-q-. Zis]Jl, ^<y-i^S(100)^ ^^S(40)S.^E^ <y=«oHl=-2.S. 

% A2 ^cf^S)-7l(151,152), %^S(40)S.-^E1 '^cf1^-*j='^l>^-1 ^4^^^ ^ -f^^ 

^ofl ^Ai7l(171~176)S ^^^sl-^ ^1(161, 162, 163), ojs. ^cf^sl-^ 

^^J:^ -?-^^^7l- ^fl^^S. ^^^m ^^71(171-176)1- if- 

#*y-i^:^(100)^ ^^S.(40)<^1 ^^Slc>| W^7ll:(131,132)S-^B] oj^^ 

^^S(40)S. #^s^l-Jl, ^^S.(40)S^Bl ^^^1- :*lll ^ ;^12 ^ 

cl-^5l-7l(151,152)S #^^>^ ^il-eflolEKl41,142)# 

IE 3 ^ £ 4» %l-3:5l-^, ^l"^^=(210,220,230)fe ^11^^ ^^^<^^\ -f^^^7> 

^ ^^^^7> zl-zl- ^^S^l^l^ ^^(311,312), ^>JdS(40)^ 

1- zvz]- ^-i-^l-ji, ^^(311,312)-9.5.-^Ei #^£l^ ^A] ^fl^o^ 4-^^^7> fe^ ^ 
^^^^71- ^^Sl- ^^^(40)S ^ll^^m *y=«oH^ -^ll^/:^!- 4^Sl-7l(BADM: 

Bidirectional Add/Drop Mult i pi iexer)( 320) ^, ofl^/:^!- cff^ 3^-71 (320)S.-^El o:i ^ 

7ll-(331,332)* i^tlrcl-. ;^1 ^ii^(210.220,230)^ <y^«oHl= '=')]^/^l- i^#2}-7l (320)^1- 

5.(40) AVoHl A^^lSlo^ Al^-Efloll :%c.ly\ ""^^m^^: ^-f -f ^^^^71- ^ 

^1:^71- ^ oj^s. ^^^V^ ^^^^1(300)» i*i-t!:tq.. 
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1020030055866 ^^ <^^7\: 2003/10/6 

(40)51 <y=«J-*^o.^ ^. ^<^J-i^^(100)«Hl>^i ^^S.(40)^ 'a^^^S. :5l«S*>^ ^ 

€ A ^l^i::^(210,220,230)<^lAi ^^^cf. <^]^ ^o] ^1 ^ ic^(RNl)(210)^ 

^iE^JE(RN2)(220) ^ m ^l^:i^^(RN3)(230)^ ^^91 ^13 ^fl^CXs) ^ ;^]5 

A5)'?]:-g: :^§*]:x:f. ZlE^Jl z| ^i^^(210,220.230)^ ^<y-i^:= (lOO)oll s^- -B-^V*>^1 . ^ ^ 

^11 ^l^ic:^(RNl)(210). :^]2 ^1 ^ii^(RN2)(220) ^ /H]3 ^l^ic:B(RN3)(230)^ ^ 
^ m ^fl^CXz), ^l4-^fl^(X4). ^ ;^16 ^fl^CAe)* «^)l^s:Vcxl <a=«J-^j=o.s ^^tl-cf. 

5^1 (a)o11 ^<=>], ^^-^^^KSOO)^ ^^^H^EfloflA-^^ ^^sMl <^^^o] !«! S.^s>\. 

2«1 SH7> ^sr>ji 3^1 SHsq- 4«1 S.H7> -i-^>7ll ^cf. ^^>a-Bfl«flAi^ r^i^^js] ^^i^y} 3LS. 
:^^i(cross) ^^Efl^ slcH, S.E.S]- 3«i 3LB71- 2^1 S.E.9\^ 4^ ^^7\] 

€4. £ 5^ (b)^ ^^^oHi-^°fl^i *a=«oH^ <^11 = /^1- cff^5)-7l (320)54- :f:i^^l7> <?!:i^ ^Ve}] 
♦ ^oi ^cf. ^^^^1^ 2«1 3«i oj:HV^ <^11h./:b1- i:+#S^7)(.320)^ W iH, 

E "^^^JL, i+H^l iBi 5L:SS!|. ^^S.(40)S+ ^^€4. £ 5^ 

(C)^ mi^l-EljollA^ ofl^/c§ Cf^S)-7l(320)Sq- 91^^ ^:^i^^l(300)Sl ^Efl 
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1020030055866 #^ 2003/10/6 

HA]^ ^-^S.. ^rii-?] ^1(300)^ >^1-E)]7> SIcH *y=«o^*^ '='11^/:^1- cf^^7]S] E iLB^ 



<27> :£ 6^ ^ ^^<H1 ix)-€- ^^J^^oHi^ 31-^1-^^ cf^^o^-i^ ^fl^/j^f- ^1-71^]-^ 

<28> £ 6«fl 13>S>]- ^o], ^o^Vi^ic(ioO)<^lAi t^-^S|-7l (212)S-^Ei 

(210.220.230)1: ^j-^-^S. %^S.7} ^^s[7](122)S.^B\ 

(210.220.230)* *j=^ "cJ-^-^s. :e.ifl^ ^^5:^4 o.^^o^7l- ^4. -^^>^]-7ll, zv 

ic:^(210,220.230)<^lAi 4-Al^o^7l- ^o. JL-f^^^ ^^(311) ^.S^E^ ^^5S]<H 

-^fl-B/^^ l=f^2^-7l(320)* -i-^ Al^lWj-^O.^ ^oj-^^c^].^] ^^51 JL, ^o^-lfl^-^S -^^ 
^^7]- ^^^^ 7-1^A]^o^ ^^(312)O.S^Ei ^VA^SIO^ ^o^^oH^ <^11^/^1- 1^^51-71 

(320)# tiVAl;^] ^, f^'^J-i^:B( 100)21- ^1 ^ i^:^(210,220.230)o11 H5. 

<29> Al^Eflo;! ;y.oi]7]. 14V A^s].^ ^^^ci-^ ^^j-i^£-( 100)2]- ^ i^^(2io , 220 , 230)2] ^^^o\] 

^J-^l^H ^1^^^21 ^>ol] o^^i^ ^ olcf. oj]^ S-cH ;Hll xj^i^ 

^(RNl)(210)2l- ;^12 ^1 ^i^:B(RN2)(220) A>olo|l ^^32}- ^<>H7> ^^5sr>^ 

4e1- ^<y-ic^( 100)2]- xl^i^^(210,220.230)2] ^:^^^o] ^VEfll- 

<30> £. 6<^1 £^1=1 Ul-S]- ^O], xl^i:::c(RNl)(210)^ ^^^^^^^^ ^""^hz^ 

(ioo)s.-¥-Ei m 5x1-^2] ji-?-^^^ ^^s(\i)» ^^1/^1 ^^*>::l, ^ItJ] «o>^o.s. 

^12 s|-^vo^ i-?-^^^ ^^^(\ 

28-12 



1020030055866 #^ "^t.}: 2003/10/6 

2)» ^ 9X^. ^]2 ;^l^i^^(RN2)(220) ^ ;Hl3 ^1<^i^^(RN3)(230)^ 

^(40) ^a-'^l^i ^^^1^1 Jl^^^^ ^^^1- ^ ticf. nl-s^- ^<^J-i^^ 

(lOO)fe ^12 >^l^ic:^(RN2)(220) ^ ^13 ^1 ^ ii^(RN3)(230)ol ^a]^ nj-^g-o^ 

^» 4^ ^^^5^1^!^ ^€(103,105)011 <g^€ %>i^^l(112,113)» 35.^ ^^ns. 

^13 sj-^J-C^s) ^ ;*115 sj-^CXg)^ JL-^-a^^ ^^^(40) ^Hl^-I aI;^] ifj-^to. 

iL^^. O.^Jl m ^l^i^:^(RN2)(220) ^ m ^l^ii^(RN3)(230)^ <=>11^/^1- 
#sl-7l(320) oj^^'^ll 2x2 ^^^^1(300)^ .£ 5^ (c)<=>l] wj-Sf :^ol 

^^^l5]ol, ^oj.i^^(ioo)ollAi JL-^^^^ <a=«j-^ <^fl^/^# 4^-51-71(320)51 

W i&BS. ^'^7} ji^^^^ ^^7l(331)<Hl ^v^. ^<U^ ^el^. ;^12 ^l^i^ 

^(RN2)(220) ^ 3«1 ^l^i::^(RN3)(230)^ ^ ^€(331)-^5.-^Ei ^^-^551^ 2l-:^>(\4) ^ 
^16 4^(X6)^ ^^^^^ #<^j-ii^(100)^7M Ai7ll«J-%to.^ ^ ^cf. He! 

^«y-i^^(100)£ ^:ii^^l(162,163)» ^l-Bll^ ^«:^1^ ^l2 ^ ^13 ^^l^i^^ 

(220,230)SYB-1 €^si^ ;H14 ^^HX4) ^ ^16 ^j-^K^^e)^ ^^^» jl^^ ^ 

-<d7l(173,175)<Hl ^^^fi^ thi^. ttl-sl-^i ^ ^^^<^1 4€- ^-ti^ ^^'ii-^ ^^-B-71- ^cfol 

£ 7-i: ^>5dS(40)l- -i-SIl <a=«oH^-^^ f^^V^^(100)<^l ^^-^ ^^^^ 

sj-^o.^ ^^sfe ^cf^^7l(l51,152)<^l zvz]- ^el^cj-. ^ ^vx^ofl 

4el- ^cf^s}-^ ^ 7flal ^<at!: ^Jl f^<^l^i i-f^^^ ^^^71- M-^^ SL^oi] 
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10:90 ^tSI-^K optical coupler)(401.402,403)-i-<^l ^7Hl-eK401,402,403)«^l^ % 

^#7l(photo-diode)7> S^^£lc>l 10/100 ^;^Hl^i M--^fe ^#^>:o. o] a] 

^5^1-sK401)<^l^ ^^#71(411)7]- 9^^^ ^^S. £Al£]<>| ^^ji?}:, ^7Hl-eK402,403)o]l:£ 

<H1 ^l^iL^<HlAi ^^^>J1 ;^12 ^^U2)^ ^^^^^ 

7Mt}^ ^11 4^HXi)4 ^12 3l-^(A2)^ ^1-14^ ^1^^] ^oj-^^doo)^ ^^Ai 

^oll^i ^11 4^J-(\i) ^ ^12 4-^j-(X2)4 27114 :^i4 ^1(111,161)^ ^>44 

^lo] sl5.(420)oll 4«fl ^1^€4. ^ 74 ^^1 <^1<^1^-Ife ^13 4^(A3) ^ 4^(2^4 

)4 27114 ^:i4 ^1(112, 162) H^JL, 4^(A5) ^ ;^16 4^i-(A6)4 27114 
^^4^1(113,163)01 z]- ^>u}.o^ ^>^4^1 4S.(£Al ^^^)o\] 4*11 ;^H^4. 

^^l^^s. s. 7<^^^ ^^^^(40)4 ^^-^s-^Ei ^^:^7> -f>{d ^471- 

^71 nll^oll ^4^21-71(151)31 #^^oll Zl- St-^^-o;! ^AlJ:^ ^#^V7l ^^^^ 
(401,402,403)1- ^^t!:4. <=^M^ , 4^HA2)4 ^-f^^4 ^^S.^ ^7l#e-l (401)1- 9 
n ^^#7l(4ii)oil ^J^€4. ^filJi ^^#71(411)^ ^^^^ ^s. 

(420)^11 ;^l^^>oi ^^4^1 215.(420)71- ^^4^1 (111, 161)1- ^H^Ml ^4. ^4^51-71 
(151)4 ^n^^s.^^] m 4^HA2)4 :ii-f'y^4 ^^4^ ^^44(iii,i6i)^ 

^^^H^Efl ^, ig^tl: ^^Elll- -a-45>7il 44. :=L^:n. 4^Eflo] ;^j-ofl^ ^4#5}-7]( 151)4 #^ 
^^^-^E1 ;^12 4^J-(X2)4 ai-f>«d^4 ^^S7> ^<a44 ^:i4^1 ^5.(420)^ 

^^^9] ^>x4 ^1(111. 161)1- ^^lofl >a-E|]^ ^^A] 
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1020030055866 %^ 'U^}: 2003/10/6 

^Cf. ;^14 3[^^iX4)^ m S|-^(\6)^ ^-T-:£ ^12 ^<U^ «<J-^0.5. %^^^] 

7> M^^^^ ^J-'='fl -fr-?-^^- ^^11- f^<y-ic^(ioo)ollAi ^A]^ ^ 

^'^^ £^<^li4. ^l^iiJB(210.220,230)<Hl S.^^ '^J^*}"^ ofl^/^^ ^^^7] (320)<^1>H 
W -i-^ 1-^-2.^ ^^^71- ^^7} ^cfi 71-^^^ ^ -f^ ^^71- ^Al^ 

^ ^i-^l^H ^]^'%^ ^><^B -B-^* =^ ilcf. S 8^1 ul-Sif :^ol, ^l^i^ 

^<^l^i ^j^i- ^EHoflA-l jio.Ai^^ ^^^7> ^.^s)^ 3.(40)^^ 2x2 SJ: 

10:90 ^5H#&|(430)7> ^^^i^f. ^1 (430)«^lfe ^^#7l(440)7> <?^^sl:ii ^ 

7l (440)011^ ^i^^l :^]o] :S1S(420)7> <^^^<^ ^^#71(440)^ ^^*si(430)^ 

10/100 ^7.}o] ^#sH ^i^^l 5l^(420)<Hl ZL ^Ji]-!- #^t!:cf. 

^5.(420)^ ^^#7](440)S.^E^^ iE).E)- ^^1^^1(300)^ ^Bfll- y^]'^^ 

^^^oH^-^^lH 1-^-2-^ ^^^^1(300)^ -H-^lsMl 

"LV ^l^^^^l ^Vo]]7} ^v^^sH ^^^7} ^^S\:^] ^o_x^ ^^^^1(300)^ 

4>Efl5. ^^5]o1 Jl-?-^^-?! ^^^71(331)^ £ 8<HlAi ^>as(40)2l ^^^oil>H 

^ ^-y^* -^l-^l^f^ t:>^7M5. ^^^^-a-Ell'Hl^^ ^^^5. ofl^^l-o^ Jilfl 

i=i Jl^>Jd^^ ^^J:^ ^^^^1(300)<^1 ^«fl :^^7l- wj-^cH i 8<Hl^i ^^5.(40)^ ^ 
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^ ^^^] <a=«o>*J= ^^^^^ Cf^l}-^ <^11^/^1- ^>7l^l^ ^ ^^"o>^ *}-7>^- 

7>^*]-Cl-. atl- ^li^^ofl ^><^ll7l- ^^^5^>^, ^^1^><^ ^^*>711 ^><^1] -B-?-!- 
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11 

*>M-^ ^'y-i^-^ (central office, hub)^ ^^7fl^ ^1 remote node)* ^-^^ ^ 

>^>7l #<^j-i^=^ zil- ^fl^fil z^- ^ll^oil cfl-§-tb 2|-;a-o^ ^-tl:^!- 

^ ^B^-^l tfl-g-tb sl-;^-^ Ji-f^^^ ^^^^4 ^i-f^^^ ^^7] ^}^^ 

♦ Cf^ «J-*J:O^S.-?-Ei ^12 ZLl- ^fl^Sl Oil:: ^V^-O^ ^fl^ofl cfl^^> sj-^g- 

^ i-^^^^ ^^s.^ ^^^^^^^ ^^s-s. y^^o] ^^y] e>M-o^ ^^si- 

[^^Ih 2] 
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-^^^^ ^ ^-i-f^^^ z|z^- ^cf^^^m ^c]-^^7ii-j!f. 

[^^^J- 31 

^^f^ ^11 ^^i^^l-i-sf, 
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5] 

[^J^^J- 6] 
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8] 

^ ^7l#Ell-2)-, ^71 2^- :^^l-E^oll o^^Slol .^71 2q- ^fl ^ ^AlJ:o^ ^#^1-^ ^ 

^#7ll:a4, A^V7l ^ ^^#7lofl C^^£]0l Aj-y] #7] ^.-^E^ ^#^<^1 ^-21- ^^-71 ^1 1 ^ 

;^12 ^:±:^^1#^ -^AlcHi ^o]^}^ ;*11<H 2)5-1:^ i^i-5>^ o.^ *]-^ 

zif- o^i^ ^>i4o:i ^fl^o^ i-f-^d^^ ^^Ji* ^^^srH ^1^^^^ -6-^* 

^l^m ^^l^m Sj-^^^ 
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10] 

^1^^>^ ^^^^1 ^]o] S.^^^ o.^ 4^^^ ^ 

111 

SZ^H^i. z^- ^l^v^JBSl ^ i^^l^ 2>2 ^i^^l^A^, 2711 si 

•"c^^oH^ '^ll^/^l- i=f^^7l^ <a^oll ^^1^1-Jl 27)1^ ^j-^l <y=«J-^J= '=>11^/^1- 

#51-7]^ Ef^oll ^^l^H, ^j^oHl-HfloflA-l^ ^^7] •y^WoHV <^fl=/^l- nf^Sl-71^ <^^<^1 ^ ^1 

271] el SEsq. El-cfofl ^^1^ 2711^ iH7l- ^^^>7ll <?^^£lJl, ^c>^7} ^^Si}: a. J: 

^J-^^l^i^ ^7l <^11^/^1- Cl-^^7l2^ <^^ofl o|^|^V 2711^ El-Cl-ofl ^ ^ 27ll 
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